Abstract. The impact of rabbit haemorrhagic disease (RHD) on the population dynamics and diet of foxes and feral cats was studied in the Flinders Ranges, South Australia. Populations of both foxes and cats decreased substantially some 6-10 months after the advent of RHD, when rabbit numbers were reduced by 85%. The diet of foxes changed as a result of reduced rabbit numbers, with much less rabbit and more invertebrates and carrion being eaten. The physical condition of foxes showed little change after RHD. The diet of cats did not change markedly, but their physical condition was substantially poorer than before RHD. Total predation on native fauna is considered to have decreased after RHD. 
Introduction
In semi-arid Australia, the European rabbit (Oryctolagus cuniculus) is the primary prey species of both feral cats (Felis catus) (Bayly 1978; Jones and Coman 1981; Catling 1988; Martin et al. 1996; Paltridge et al. 1997; Read and Bowen 2001) and foxes (Vulpes vulpes) (Bayly 1978; Catling 1988; Newsome et al. 1989; Lugton 1993; Read and Bowen 2001) . Prolonged declines in rabbit numbers can result in a change in the composition of introduced predator diets, which may lead to an increase in predation pressure on native fauna (Catling 1988) . Because impacts on native fauna in these circumstances can be severe (Newsome et al. 1997) , the advent of rabbit haemorrhagic disease (RHD) in Australia raised concerns that native fauna may be adversely affected by a large decline in rabbit numbers (Sandell and Start 1999) .
The Flinders Ranges region is a significant refuge for native fauna in semi-arid South Australia (Morton et al. 1995) . To protect populations of the endangered yellow-footed rock wallaby (Petrogale xanthopus xanthopus) in the Flinders Ranges National Park (FRNP), localised control programs for goats commenced in 1990 and for foxes and rabbits in 1993 (Alexander et al. 1999) . To address concerns that eventual broader rabbit and fox control would lead to greater predation by cats upon native fauna, a broadscale study on the population dynamics and diet of cats and foxes in FRNP was initiated in April 1994 (Hart 1994) . In the Flinders Ranges, RHD reduced rabbit numbers to approximately 85% of the long-term average (Mutze et al. 2002) and consequently, the broadscale study was modified to include areas where fox control was not undertaken. This aimed to determine whether the reduction in rabbit numbers led to (1) a change in the abundance and condition of introduced predators, and/or (2) an increase in the proportion of native species consumed by cats and foxes. This paper also reports on the changes in predator numbers that were observed as part of a replicated experiment on the impact of rabbits on vegetation, conducted on FRNP and the adjacent section of Gum Creek pastoral station, that began 3.5 years before RHD arrived (Mutze et al. 1998b) . The latter, smaller-scale experiment provided longer-term data to clarify trends observed in the broadscale study.
Methods

Study area
Research was carried out in FRNP and on several pastoral stations in the central Flinders Ranges (Fig. 1) . The region contains a wide range of vegetation associations, from river red gum (Eucalyptus camaldulensis) and white cypress-pine (Callitris glaucophylla) woodlands to chenopod low shrublands, tussock grasslands and ephemeral herblands. Blinman, approximately 20 km north of FRNP, has an average annual rainfall of 307 mm. At Hawker, approximately 50 km south of FRNP, the mean daily temperature range is 4-16°C in winter and 15-33°C in summer.
Fox and rabbit control
Fox control throughout FRNP commenced in October 1994 using dried kangaroo meat baits, each treated with 2.5 mg of 1080 (sodium monofluoroacetate). Baits were laid four times per year across the entire park and in a 10-km-wide buffer zone on the eastern and western boundaries of the park (Fig. 1 ). Baits were buried 5 cm deep along walked transects, creek lines and established vehicle tracks, resulting in an average bait density of 4-5 baits km -2 . Baiting by this methodology commenced on Gum Creek Station in mid-1997.
Ripping programs across FRNP between 1994 and 2000 destroyed rabbit warrens across approximately 100 km 2 (10%) of the total area of the park. Rabbit numbers in those areas were less than 10% of the pre-ripping, pre-RHD levels on the Gum Creek experiment transects (see Results) and were gradually being pushed towards the 1% level by follow-up treatment with explosives (Holden 2000) .
Indices of fox, cat and rabbit abundance
Indices of abundance for foxes, cats and rabbits were determined from vehicle spotlight counts (number seen per kilometre). Data are presented from two complementary studies conducted in the vicinity of FRNP. Large-scale field experiments usually involve some compromise between adequate replication and adequate scale. In this study, the issue of replication was addressed, in part, by a small-scale replicated experiment (A, below). These results were compared with a concurrent survey conducted on such a large geographic scale (B) that the results could not be unduly influenced by any localised biological or climatic event.
(A) Gum Creek experimental plots A replicated field experiment to study the impact of rabbits on rangeland vegetation commenced in 1992 in a broad valley on the northern boundary of FRNP and on the adjoining section of Gum Creek sheep station (Mutze et al. 1998b (Mutze et al. , 2002 . Eight treatment blocks (3-4 km 2 each) were established, four on each side of the park boundary, each enclosing a fixed 2-km spotlight transect (hereafter referred to as the 'Gum Creek experiment transects') ( Fig. 1) . At the start of the study, rabbits were controlled on half of the blocks on each property by warren ripping. Warrens were checked for re-openings within 1 month and fumigated, repeatedly if necessary, until all warrens remained closed for at least 1 month. Warrens were fully re-surveyed after 1 year and, thereafter, locally surveyed each year where rabbit activity was observed, and re-treated as necessary by fumigation or explosives. Single extra transects on FRNP and Gum Creek in new ripped areas were added to the study in 1997. Rabbits and foxes were counted at night by an observer using a 100-W spotlight while standing on the back of a vehicle moving at approximately 10 km h -1 . Because of the requirement to record accurately changes in relative abundance of rabbits, the search effort was concentrated within 30-60 m of the vehicle, although sightings at all distances were recorded. Cats were rarely seen because of the open habitat chosen for the transects, the slow, close-in search and cats' furtive behaviour, and accurate records of cat numbers were kept only for the period after RHD. In the early part of the study, counts were conducted on three or four occasions (trips) per year, with counts repeated on two or three nights in close succession on each trip. The frequency of counting increased to six to eight trips per year after RHD reached the site in October 1995 and affected the entire area (Mutze et al. 1998a) .
(B) Broadscale study of introduced predators
A broadscale study on the population dynamics and diets of introduced predators was carried out across three large sites (Fig. 1 ). These were (1) a fox-baited area (FRNP and the 10-km buffer zone, and later Gum 
Fox and cat spotlight surveys
Spotlight surveys of foxes and cats were carried out along graded tracks every second new moon for 3 nights. Foxes and cats were counted by two observers using a single 100-W spotlight while standing on the back of a vehicle moving at approximately 20 km h -1 . Four survey teams operated simultaneously, commonly two in the baited site and one in each of the unbaited areas. The total length of tracks commonly used in Sites 1-3 were 340, 320 and 230 km, respectively. Total transect length surveyed over the 3 nights varied between 150 and 750 km depending on the area and available tracks. Cumulative counts of animals sighted per distance travelled suggested that at least 150 km was required to obtain a stable index of abundance by this spotlight method. Although some tracks, particularly those within the baited area, were surveyed more than once over 3 nights, most were surveyed only once. The tracks were widely separated in the vast study sites, so behavioural aversion to the spotlight vehicles by predators on the second and third nights of shooting was minimal. Indices of abundance for rabbits, foxes and cats were calculated as the number of animals seen per 100 km. Where possible, foxes and cats were shot and collected for analysis of physical condition and diet.
Physical condition of foxes and cats
Physical condition was assessed in two ways: by scoring of mesentery fat deposits (after Windberg et al. 1991) and by determination of a body condition index. Fat scores were as follows: 3, >50% cover of kidneys and large mesentery fat deposits; 2, 10-50% cover of kidneys and small mesentery fat deposits; 1, <10% cover of kidneys and no mesentery fat deposits; 0, no fat within the body cavity. A body condition index was calculated by dividing the mass of an animal by its snout-vent length cubed (kg m -3 ).
Diet of foxes and cats
The stomachs of shot animals were removed and the contents grouped into 11 categories: rabbit, house mouse, sheep, goat, macropod, small native mammals (dunnarts), bird (non-emu), emu, reptile, invertebrate and vegetative material. Percent occurrence was calculated as the percentage of stomachs containing food items of a particular category in relation to the total number of stomachs containing food (Coman and Brunner 1972; Lugton 1993) . Food items were identified to species level when possible and, where mammals could not be easily identified, hair cross-sections and surfaces were examined under a compound microscope (Brunner and Coman 1974) . Beginning in 1997, if the ears or feet of rabbits were present, the rabbits were visually classified as kittens or adults, kittens being animals that were considered to be less than half the size of a full-grown rabbit. Discoloration or the presence of maggots helped to identify decomposing carrion.
Data presentation and analysis
Fox and cat abundance
In the Gum Creek experiment, the design had replicates randomly assigned within FRNP and within Gum Creek, where rabbit warrens were ripped or unripped (independent replicates). However, it was not possible to randomly assign replicates between sheep-grazed and -ungrazed areas; they were by necessity grouped on Gum Creek Station and FRNP, respectively. The data were also temporally grouped with regard to fox baiting and with respect to RHD.
The fox count data from the experiment transects were analysed with a series of general linear models in GLIM (Payne 1987) with the number of foxes counted per night per transect as the y-variate and Poisson error structure. Preliminary regression analysis found no evidence of serial correlation between counts on successive nights or successive trips, so a full model with all data tested temporal changes in fox numbers between periods. Treatment effects of rabbit control (ripped and not ripped) and property (FRNP and Gum Creek) were fitted as factors, each with two levels. The significance of treatment factors was also tested separately for the periods beginning after ripping (but before fox baiting began), after baiting began on FRNP only (before RHD), after RHD arrived (before baiting was extended) and after baiting was extended on to Gum Creek, but the data are presented as mean counts for all treatments in Fig. 3 for visual clarity. Data for cats were analysed in a similar manner. Rabbit counts are presented only as mean numbers seen per kilometre for the periods before and after ripping and RHD; detailed analyses of changes in seasonal abundance of rabbits are presented in a separate paper in this issue (Mutze et al. 2002) .
The large geographic scale of the broadscale predator surveys precluded replication and quantitative analysis.
Diet of foxes and cats
The dietary composition of cats before RHD was determined from data of Hart (1994) and from 84 cat stomachs collected in 1995 as part of predator control monitoring programs in FRNP before RHD. Although 62 foxes were also collected in 1995 and data gathered on size, weight and fat levels, removal of stomachs for dietary analysis did not commence until after the advent of RHD. Therefore, only samples taken during winter 1994 (Hart 1994) were available for comparison of pre-and post-RHD fox diets. Data were grouped by season as in Paltridge et al. (1997) , where 'winter' was defined as April-September and 'summer' was October-March. Only the stomachs of cats over 2 kg and 50 cm snout-vent length and foxes over 3.1 kg and 60 cm were included. The criteria were chosen to exclude juveniles but include all adults in poor condition, and minimum adult body sizes were therefore set lower than normally recognised (e.g. Jones and Coman 1982; Coman 1983; Read and Bowen 2001) . Owing to the low occurrence of some prey categories, only data on the six most prevalent prey categories were used (Tables 1, 2 ). Stomachs from cats outside the baited area were excluded. Because of the limited data available before RHD, published dietary information from similar studies conducted before RHD was used to help define post-RHD trends and detailed statistical analyses were not attempted.
Physical condition of foxes and cats
Data were grouped by season as defined above. Two-factor analysis of variance was performed on the response variable of condition index, with RHD and season as the explanatory variables. Each combination of species and sex was analysed separately. The significance of changes in the proportion of animals with particular fat scores were estimated from chi-square statistics, calculated from logistic models assuming binomial errors (GLIM program: Payne 1987) .
Results
Numbers of rabbits (A) Gum Creek experiment transects
During the 4 years after RHD, rabbits remained scarce throughout the study area. The average number of rabbits seen on unripped rabbit transects was 4.9 per km, 15% of the pre-RHD long-term average (32.4 per km). Rabbit numbers were consistent between years, average numbers varying only from 4.5 to 5.8 per km.
On the four ripped treatment blocks, rabbit transect counts were less than 2% of pre-ripping levels in every year. The availability of rabbit prey in ripped treatments was lower than in unripped treatments by an order of magnitude, even after the effects of RHD. Only 0.5% of rabbit burrows needed re-treatment 1 year after ripping and less than half of that number in any subsequent year.
Numbers of cats (A) Gum Creek experiment transects
After the advent of RHD, an average of 3.2 cats per 100 km was recorded across both FRNP and Gum Creek Station (property difference χ 2 1 = 1.0, P > 0.3). Cat numbers did not decrease when fox baiting was extended on to Gum Creek Station. However, the number of cats in ripped areas (2.2 per 100 km) was significantly lower than in unripped areas (4.4 per 100 km, n = 604 transect counts, χ 2 1 = 4.7, P = 0.035).
(B) Broadscale surveys
Fox baiting had no discernible effect on the number of cats seen on FRNP. Cat numbers on FRNP remained close to pre-baiting and pre-RHD levels for the first 6 months after RHD arrived (Fig. 2) . Thereafter, cat populations decreased to 20-30% of pre-RHD levels. Estimates of the change in cat numbers in unbaited areas are far more speculative and can only be made on the assumption, based on habitat similarity and anecdotal evidence, that before RHD, cats in the unbaited areas were equally as common as on FRNP. On that basis, cats in unbaited areas declined to 10-15% of pre-RHD levels. During the first 2 years, cat numbers followed a distinct pattern of seasonal troughs in spring and seasonal peaks from dispersing juveniles in summer (Fig. 2) . After the arrival of RHD, dispersal peaks of juvenile cats were no longer evident in any of the three sites, although more juvenile cats were shot at other times of the year (Fig. 2) .
Numbers of foxes (A) Gum Creek experiment transects
An average of 54 foxes per 100 km was recorded before fox baiting began, but with a distinct pattern of seasonal troughs in spring and seasonal peaks from dispersing juveniles at the end of summer (Fig. 3) . Before baiting, the number of foxes seen did not differ between FRNP and Gum Creek Station (property difference χ 2 1 = 0.22, P > 0.6). Total fox sightings declined significantly after baiting commenced on FRNP (χ 2 1 = 31.2, P < 0.0001) and declined further after RHD arrived (χ 2 1 = 14.2, P < 0.001). During the period that baiting was conducted on FRNP only, it affected both properties (October 1994 (October to mid-1997 . The number of foxes seen was reduced from an average of 54 foxes per 100 km on each property to 7.8 foxes per 100 km on FRNP and, not surprisingly, by a lesser margin to 23 foxes per 100 km on Gum Creek (n = 56 transect counts, property difference χ 2 1 = 5.94, P = 0.015). Following the arrival of RHD (October 1995), the number of foxes seen declined approximately four-fold further on each site to 1.6 foxes per 100 km on FRNP and 7.3 foxes per 100 km on Gum Creek (n = 168 transect counts, property difference χ 2 1 = 10.97, P < 0.001). After the baited area was extended to include the study area on Gum Creek in mid-1997, the number of foxes on Gum Creek declined to the same levels as on FRNP (n = 340 transect counts to July 2000, property difference χ 2 1 = 3.14, P = 0.076). These changes cannot be unequivocally attributed to baiting and RHD because the data are temporally grouped and other influences on population size also may have changed through time. Nevertheless, the initial uniformity in fox sightings between properties, the difference that occurred when one property was baited and not the other, and removal of that difference when baiting was extended across both properties indicates that fox baiting was probably the causative agent. Before baiting began, more foxes were seen in unripped areas (62 foxes per 100 km) than in ripped areas (41 foxes per 100 km, n = 112 transect counts, χ 2 1 = 4.63, P = 0.031), but after baiting began, fox sightings ceased to differ between ripped and unripped treatments (all comparisons, χ 2 1 < 0.5, P > 0.5).
(B) Broadscale surveys
Only 1 year's data (i.e. a single dispersal peak) were recorded on each of the broadscale survey sites before baiting or RHD reduced fox numbers. However, the seasonal patterns of abundance of foxes and the number seen in dispersal peaks were strikingly similar on the experimental plots, the broadscale survey on FRNP and the broadscale surveys in the two unbaited areas (Fig. 3) . Therefore, it is reasonable to estimate the post-RHD reduction in fox numbers on all areas by comparison with pre-baiting counts on FRNP. On that basis, taking into account both seasonal peaks and troughs, we conclude that fox numbers on FRNP were reduced to less than 5% of pre-baiting and pre-RHD levels, that fox numbers in the distant unbaited area were reduced to approximately 40% of their pre-RHD numbers, and that fox numbers in the adjacent unbaited area may be as low as 10% of their pre-RHD numbers. Dispersal peaks were less distinctive after RHD, although cubs continued to make up 20-45% of the shot samples before the dispersal period.
Diet of introduced predators Cats
Before RHD, rabbits were the most important prey item for cats and were present in 42% of stomachs (Table 1 ). In the same period, invertebrates, reptiles and birds were the next most important prey items (Table 1) . After RHD, rabbits continued to be present in 24% of stomachs (Table 1) , most commonly during the breeding period of rabbits. Rabbits were the largest common prey of cats and, when present, usually filled most of the stomach. Invertebrates became a more frequent prey item for cats after RHD (Table 1) , but contributed less than rabbits to total dietary intake because they often occurred as a minor portion of stomach fill. A seasonal increase in the consumption of invertebrates in summer was also apparent. Orthopteroid insects were the most common invertebrates found in cat stomachs, followed by centipedes. Occasionally, when swarming grasshoppers and plague locusts were available, cats (and foxes) ate them almost to the exclusion of all other prey. Regardless of season, when less rabbit was ingested, more wood crickets (Hadrogryllacris sp.), acridids (predominantly Chortoicetes terminifera and Austacris guttulosa) and centipedes were taken. Reptiles and birds were taken at approximately the same levels before and after RHD. Ground-frequenting birds (Australian magpies, galahs and pigeons) were the most common birds in cat diets. During winter, 30% of rabbits in cat stomachs were kittens, increasing to 38% in summer. A large increase in the occurrence of house mice in cat stomachs was recorded in winter 1997. A complete list of food items identified in cat stomachs is included in Appendix 1.
Foxes
During winter 1994, rabbits were by far the most frequently occurring dietary item in foxes and were present in 63% of stomachs (Table 2) . Invertebrates were the next most important prey item and were present in 19% of stomachs. After RHD arrived, there was a noticeable decrease in the occurrence of dietary rabbit, with rabbits being present in less than 16% of stomachs at all times. There appeared to be an increase in consumption of invertebrates (mostly wood crickets, acridids, wolf spiders and cockroaches), reptiles and kangaroo (Table 2 ). However, given that invertebrates and reptiles had the greatest occurrence in summer and that no pre-RHD summer samples were available for comparison, the magnitude of the change, if any, is unclear. During winter after RHD, 30% of rabbits in fox stomachs were kittens, decreasing to 12% in summer. Ground-frequenting birds were the most common birds in fox stomachs. Most of the kangaroo in fox stomachs 
Physical condition of introduced predators Cats
Body condition indices of female cats were significantly lower after RHD (F 1,292 = 48.2, P < 0.001) (Fig. 4) . No significant seasonal effect was apparent (F 1,292 = 3.3, P = 0.07). The season-RHD interaction was significant (F 1,292 = 6.1, P < 0.05) as pre-RHD body condition in winter was greater than in summer but there were no seasonal differences after RHD. For male cats, body condition indices were significantly lower after RHD (F 1,273 = 55.9, P < 0.001), but there was no seasonal effect (F 1,273 = 1.4, P = 0.24) or season-RHD interaction (F 1,273 = 0.2, P = 0.66) (Fig. 4) . The mean reduction in body condition index for both sexes was approximately 17%.
Fat scores for cats reflected changes in body condition indices before and after RHD (Fig. 4) . The relative proportion of cats with fat scores of 3 declined after the arrival of RHD (χ 2 1 = 86.9, P < 0.001) and minor seasonal effects were apparent (χ 2 1 = 9.5, P < 0.01). There was a corresponding post-RHD increase in the proportion of animals with a fat score of two (χ 2 1 = 65.8, P < 0.001). This trend was similar for both sexes (all χ 2 1 < 0.94, P > 0.3). The proportion of cats with very low fat scores (0 or 1) did not change after RHD (χ 2 1 = 1.13, P > 0.29).
Foxes
Body condition indices of female and male foxes decreased after RHD (F 1,444 = 13.8 and F 1,479 = 14.0, P < 0.001, respectively) (Fig. 5) . However, this result should be accepted cautiously owing to the small number of foxes collected before RHD (n = 27 and 35, respectively) and the contradictory evidence from fat scores (see below). Winter body condition indices were significantly greater than in summer for both female and male foxes (F 1,444 = 14.4 and F 1,479 = 20.6, P < 0.001, respectively). The mean reduction in body condition index for both sexes was approximately 12%.
For foxes, fat scores did not decline after RHD (Fig. 5 ). No differences were found in the relative proportion of foxes with fat scores of 3 (χ 2 1 = 0.009, P > 0.9), 2 (χ 2 1 = 0.454, P > 0.5), or 0 and 1 (χ 2 1 = 0.63, P > 0.4). This is contrary to the evidence of decline in body indices.
Discussion
Effects of fox baiting, rabbit control and RHD on numbers of introduced predators
Other foxes dispersing into baited areas often rapidly replace foxes killed by 1080 poisoning, and the immigrants may subsequently be poisoned (Kinnear et al. 1988 (Kinnear et al. , 1998 . This can have a long-term effect on fox populations, both in and around baited areas. After baiting was initiated in FRNP, but before RHD, fox numbers in the park decreased to 14% of pre-baiting levels. During this time, fox numbers on the adjacent section of Gum Creek were reduced to 42% of pre-baiting levels. Long-term understanding of the effects of baiting was confounded by the arrival of RHD, whereupon fox numbers dropped to 3% on FRNP and 14% on Gum Creek, and it is not clear whether fox numbers in either area would have continued to decline in the absence of the disease. However, after RHD, fox numbers in the distant unbaited area decreased to around 40% of pre-RHD levels, as compared with 10% in the unbaited area adjacent to the park. These trends in fox populations observed in both the broadscale surveys and the more localised Gum Creek experimental plots suggest that baiting had a sustained partial effect on fox populations within 10-15 km of the baited area. Before the advent of RHD, distinctive peaks in abundance of foxes and cats occurred during late summer and early autumn, corresponding to the dispersal of juveniles born in spring. One dispersal peak for foxes was recorded (in each of the non-baited areas) and one for cats (in the baited area) after RHD had reduced rabbit numbers, presumably due to young born before RHD arrived that survived and dispersed in the following summer. A year after the advent of RHD, distinctive dispersal peaks for foxes and cats were absent and fewer juveniles were sighted. Indeed, a critical impact on fox and cat diets was greatly reduced rabbit abundance during the rabbits' breeding season (Mutze et al. 2002) , so that there was no major annual or seasonal peak to support predator recruitment. This suggests that recruitment failure owing to low rabbit numbers was a primary cause of decreased fox populations in unbaited areas and of decreased cat numbers in all areas. Similar responses have been demonstrated in other studies (Myers and Parker 1975; Newsome et al. 1989) , with predator numbers falling six months after rabbit numbers decreased owing to drought. It is considered possible, but unlikely, that shooting affected predator populations across the study areas. Hunting as a method of fox and cat control is generally ineffective unless there is a concerted effort (Saunders et al. 1995) . For example, to achieve effective predator control in treatment blocks of 70 and 90 km 2 in the Yathong Nature Reserve in western New South Wales, Newsome et al. (1989) and Pech et al. (1992) had to shoot for approximately 90 nights per year, a shooting intensity of almost 1 shooting-night per km 2 per year. The shooting intensity in the fox and cat surveys carried out in the Flinders Ranges was less than 0.04 shooting-nights per km 2 per year. Given that the indices of fox and cat numbers recorded at Yathong (Newsome et al. 1989) correspond almost exactly to the range recorded in this study, it seems highly unlikely that shooting at FRNP, with 5% of the effort necessary at Yathong, would have had much impact.
The importance of rabbits in supporting high fox populations was demonstrated at the start of the experimental study when 50% more foxes were seen on rabbit-infested blocks than rabbit-controlled blocks. The blocks were small relative to the home ranges of foxes and cats (Coman et al. 1991; Edwards et al. 2001; Phillips and Catling 1991), so it is likely that some foxes and cats were occasionally seen on adjoining spotlight transects. Consequently, the reduction in fox and cat numbers caused by rabbit control is likely to be underestimated because the treatments were not wholly independent. Rabbit control ceased to have a measurable effect on fox numbers at the substantially lower fox densities following baiting and RHD. By contrast, cats were still twice as prevalent on the unripped blocks where some rabbits remained. This reinforces the finding of the diet study that cats have remained more dependent on rabbits as live prey than have foxes, but contrasts with the conclusions of Read and Bowen (2001) studying the rabbit-fox-cat interaction at Roxby Downs. However, Read and Bowen (2001) also found that cats favoured sand dunes and were averse to open stony plains, and that the hunting efficiency of cats on sand-dwelling reptiles was greater than on plain-dwelling reptiles. In contrast to the Flinders Ranges, cats at Roxby Downs were far more abundant than were foxes before RHD arrived, so the habitat there apparently favoured cats more than the prevalent stony habitats of the Flinders Ranges.
The proportion of juvenile cats and total cat numbers increased during 1996-97 on FRNP, corresponding with an increase in house mice in the diet. Although house mouse numbers were not quantified, mouse burrows were noticeably common on ripped rabbit warrens on FRNP at the time, and high mouse populations were recorded at a site to the north of the Flinders Ranges (Owens 1997) . This further suggests that food availability and its effect on breeding success may be limiting cat numbers. Cats are known to target house mice under such conditions (Jones and Coman 1981) , and Molsher et al. (1999) found that cat abundance was correlated with the availability of small mammals.
After RHD, cat numbers in the fox-baited area declined to 20-30% of pre-RHD levels, as compared with 10-15% on unbaited areas. Decreased fox densities can result in increased cat densities through competitive release (Short et al. 1994; Risbey et al. 1999; Read and Bowen 2001) and the evidence, albeit inconclusive, suggests that competitive release may have occurred at FRNP. Conversely, Molsher (1998) did not find an increase in cat numbers after 2.5 years of fox control, although cats did increase their use of open habitats.
Effects of RHD on the diet of introduced predators
The pre-RHD diet of cats in the Flinders Ranges was typical of cats in other semi-arid regions of Australia, with rabbits and invertebrates predominant (Bayly 1978; Jones and Coman 1981; Catling 1988; Martin et al. 1996; . The occurrence of rabbit in cat diets decreased only a little after RHD, but was low during the drought in summer 1998, when there was little rabbit-breeding or disease activity (Mutze et al. 2002) . When less rabbit was ingested, invertebrates were more commonly taken, but there was no increase in cat predation on reptiles, birds or small native mammals. The occurrence of these prey categories generally remained below that found in other studies (Bayly 1978; Jones and Coman 1981; Catling 1988; Martin et al. 1996; Paltridge et al. 1997; Read and Bowen 2001) . Taking into account the large reduction in abundance of cats and the small changes in diet composition, we consider that total predation pressure from cats decreased after RHD for all native fauna prey categories.
The limited pre-RHD data for foxes in FRNP makes it less clear whether there has been a change in total fox predation on native fauna. Comparisons with other studies on fox diets in semi-arid areas (Bayly 1978; Catling 1988; Lugton 1993 ) suggest the pre-RHD diets of foxes observed in the Flinders Ranges were typical. When rabbit density was low, foxes became scavengers and opportunists (Martensz 1971; Bayly 1978) . The occurrence of invertebrates in fox stomachs after RHD was greatest during summer and similar to other studies (Martensz 1971) , suggesting there was no substantial change due to RHD. The seasonal pattern in reptile consumption suggests foxes opportunistically preyed upon reptiles. Reptiles occurred in stomachs with greater frequency in the cooler months after RHD than in 1994, but did not exceed 8% occurrence. Such a small increase may have been due to seasonal variation and, even if due to RHD, is unlikely to outweigh the greatly reduced reptile predation by cats. The increase in kangaroo ingested by foxes in the cooler months of 1998 was due to a die-off of red kangaroos and euros brought on by cold, wet weather and food shortage at the end of a drought. Catling (1988) concluded that competition between foxes and cats for rabbit prey in semi-arid western NSW was reduced by foxes mainly eating adult rabbits in spring and summer, and cats eating young rabbits in winter and spring. Other studies have also demonstrated the preference of cats for juvenile rabbits (Jones 1977; Liberg 1984) . On that basis, it would be expected that cats would most commonly eat adult rabbits during summer, when adult rabbits are most abundant and kittens are scarce. However, in this study, the proportion of adult rabbits eaten by cats was highest in winter, when rabbits bred most commonly, but also when RHD and myxomatosis were most active (Mutze et al. 2002) . Both the proportion of adult rabbit in the cats' diet and the total amount of rabbit eaten were lowest during summer, when the number of adult rabbits was greatest but kittens or diseased adults were least common. This suggests that young or diseased rabbits are easy prey for cats but that healthy adult rabbits are not.
Effects of RHD on the condition of introduced predators
Three years after RHD, cats weighed 17% less for a given body length and had much less body fat. The winter peak in the body condition of female cats was lost after RHD, and cats ceased to have a distinct breeding pulse at the end of winter. The decline in cat abundance and physical condition indicates that many cats either died or did not successfully reproduce owing to poor nutrition. The decline in the physical condition of cats appears to be directly related to their dependence on rabbits as primary prey and cannot be attributed to the effects of variation in seasonal conditions: 1998 was a drought with low productivity, but rainfall in 1994 when the first cat samples were taken was even lower; 1995 (before RHD) and 1996 (after RHD) were both average seasons; and 1997 (after RHD) was a good season that resulted in abundant populations of house mice, grasshoppers and locusts. The greater dietary flexibility of foxes appears to have limited the impact of RHD on their abundance and body condition.
Long-term effects of RHD on introduced predators
Pech and Hood (1998) examined the likely consequences of RHD for fox populations that use rabbits as primary prey, for populations of alternative native prey, and for pastures. Their model not only predicted that both rabbit populations and eruptions would decline, but that the mean abundance of foxes would decrease. The model predicted that there would be fewer occasions when rabbit populations are low, but fox numbers would be high owing to a lag in predator response. This study on predator response to RHD in the Flinders Ranges provides preliminary evidence from the field to support the model. Prolonged suppression of rabbit populations appeared to indirectly assist pre-existing fox control measures and also reduced fox numbers in unbaited areas. The findings of this study have implications for fox control programs in semi-arid and arid areas. Since bait density and periodicity of baiting are dependent on the number of foxes re-invading a baited area, fewer baits may be required than before RHD. Where possible, fox control practices should be reassessed. Although cat populations were also substantially reduced by RHD, further rabbit control by warren destruction effectively halved the remaining cat population. This is quite remarkable given the dramatic decline in rabbit numbers that had already occurred, but is consistent with the results of similar studies in central Australia (Edwards et al. 2002) and Victoria (Sandell and Start 1999) . The data suggest that even after RHD, in the absence of other control methods for cats, the removal of rabbits is likely to effectively halve cat numbers in this part of the Flinders Ranges. It highlights the value of extremely effective rabbit control for reducing predation pressure on native fauna. A type of bait may eventually be perfected for controlling cats in small areas where, for example, reintroductions are planned Risbey et al. 1997) , but the landscape-scale control of cats will probably require a biocontrol method.
